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/ 1 
This invention relates to poly N-vinyl sulfona- 
mides an to a process for their preparation. 
In a copenoEng application Serial No. 670,536, 
filed May 17, 1946.(now United States Patent 
2,475,424, dated July 5, 1949), in the names of E 
Joseph B. Dickey and Theodore E. Stanin, the 
preparation of the monomeric and polymeric 
N-vinyl N-alkyl (or N-aryl) sulfonamides having 
the general formula: 
CHrCH_N_S 0r_R l 10 
wherein I and ,R1 each represents an alkyl or an 
aryl group, are described. The above monomers 
were prepared in accordance with the general 15 
method described by Kharasch and Priestley, J. 
Amer. Chem. Soc. 61, 3425 (1939). This method 
consisted of the addition of N-haloamides to 
ethylene, followed by the removal of B'X. How- 
ever, as pointed out by Kharasch and Priestley, 20 
this type of monomer cannot be prepared when 1% 
is hydrogen because cyclization results spon- 
taneously with the formation of a substituted 
ethyleneimine derivative. Specifically, these in- 
vestigators showed that when N,N-dibromo-p- 25 
toluene sulfonamide was added to styrene and 
the resulting addition product vas treated with 
aqueous or alcoholic alkali solution, the N-p-tolyl 
sulfonYl derivative of phenylethyleneimine was 
obtained 30 
--HBr 
C«H--CH--CHr-Br  CH--CH--CH2 
I'H--S O--C ,H 
35 
A smilar transformation was obtained by 
Adams, and Cairns, J. Amer. Chem. Soc. 61, 2464 
(1939), when they found that the p-bromo- 
benzenesulfonyl derivative of 1-amino-2-methyl- 
2-propanol could be converted into the corre- 40 
ponding chloro compound by means of concen- 
rated hydrochloric acid, and that the latter with 
aqueous alkali solution yielded the ethyleneirnine 
derivative 
CH - 45 
 C--C H--iqHS 0r- C HB r -----+ 
H 
CH 
 --Cl 50 
C--CH2--NH--S 0»--CHBr -----+ 
CH 
SO--CHB 

2 
From the above mentioned results, it would not 
be expected that monomeric N-vinyl sulfona- 
mides having the general formula, 
CH2=CH--NH--SO2R 
could exist, and thus far they bave hot been de- 
scribed. Consequently, the polymers of such 
monomeric sulfonamides also bave hot been de- 
scribed heretofore. 
We bave now round that resinous poly N-vinyl 
alkane sulfonamides (poly N-vinyl alkyl sulfona- 
mides), poly N-vinyl aromatic sulfonamides 
(poly N-vinyl arylsulfonamides) and poly i-vinyl 
aralkane sulfonamides (poly N-vinyl aralkyl 
sulfonamides) which contain the fundamental 
unit: 
--CHr-CH--'I 
repeated n times, and wherein the symbol 1%1 
represents an alkyl group, and more particularly 
a primary alkyl group, containing from 1 to 4 
carbon atoms (e. g. methyl, ethyl, n-propyl, iso- 
propyl, n-butyl, isobutyl or sec. butyl), an .aryl 
group of the benzene series containing from 6 to 
8 carbon atoms (e. g. phenyl, tolyl or xylyl), an 
aryl group of the naphthalene series containing 
from 10 to 12 carbon atoms (e. g., naphthyl, 1- 
methylnaphthyl, 2-methylnaphthyl, 2,6-dimeth- 
ylnaphthyl, etc.) or an aralkyl group containing 
from 7 to 8 carbon atoms (e. g. benzyl or 
phenylethyl), can be prepared by reacting poly- 
vinylamlne or its salts with an organic sulfonyl 
chloride in the presence of an alkli-metal 
droxide. The above-defined polymers are valu- 
able for the preparation of various compositions, 
films, sheets, fibers, etc., as well .as being valuable 
as intermediates for the preparation of other use- 
ful resinous products because of the active hydro- 
gen atom attached to the nitrogen atom. 
It is, accordingly, an object of the invention to 
provide new resinous polymers. Another object 
is to provide a process for preparing such poly- 
mers. Other objects will become apparent here- 
inafter. 
The intermediate polyvinylamine and salts 
thereof which are suitable for the practice of the 
invention can be prepared by the general process 
described in out copending 'application Serial No. 
625,690, filed Octeber 30, 1945 (now United Stats 
Patent 2,484,423, dated October 11, 1949). Suit- 
able polyvinylamine salts are polyvinylamine 
hydrochloride, polyvinylamine hydrobromide, 
and monobasic carboxylic acid salts of polyvinyl- 
mine such as, for example, polyvinylamine ace- 
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tate, polyvinylamine benzoate, etc. The organic 
sulfonyl chlorides which are suitable for reacting 
with the polyvinylamine and its salts to give the 
resinous polymers of the invention can be repre- 
sented by the general formula: 

I%zSOCI 

wherein 11 represents an alkyl group containing 
from 1 to 4 carbon atoms, an aryl group of the 
benzene series containing from 6 to 8 carbon 
atoms, an aryl group of the naphthalene series 
containing from 10 to 12 carbon atoms and an 
aralkyl group of the arylated alkyl series con- 
taining from 7 to 8 carbon atoms. Specifically 
the organic sulfonyl chlorides include methane 
sulfonyl chloride, ethane sulfonyl chloride, n- 
propane sulfonyl chloride, isopropane sulfonyl 
chloride, n-butane sulfonyl chloride, isobutane 
sulfonyl chloride, sec. butane sulfonyl chloride, 
benzene sulfonyl chloride, p-toluene sutfonyl 
chloride, o-toluene sulfonyl chloride, m-totuene 
sulfonyl chloride, 1,2-dimethylbenzene-3-sulfony] 
chloride, 1,2-dimethylbenzene-4-sulfonyl chlo- 
ride, 1,3-dimethylbenzene-2-sulfonyl chloride, 
1,3-dimethylbenzene-4-sulfonyl chloride, 1,3-di- 
methylbenzene-5-sulfonyl chloride, 1,4-dimethyl- 
benzene-2-sulfonyl chloride, a-naphthalene sul- 
fonyl chloride, -naphthalene sulfonyl chloride, 
1,4methylnaphthalene sulfonyl chloride, 3,7-di- 
methylnaphthalene-l-sulfonyl chloride, benzyl 
sulfonyl chloride, -phenylethyl sulfonyl chlo- 
ride etc. 
The amount of the sulfonyl chloride employed 
can be varied advantageously from just enough 
of the sulfonyl chloride to react with one hy- 
drogen atom of each of the amino groups of 
the polyvinylamine compound to several gram- 
moles of the sulfonyl chloride to each gram- 
mole of the polyvinylamine compound. I-Iow- 
ever, in the case of the alkyl sulfonyl chlorides 
the reaction is advantageously carried out with 
from 3 to 10 gram-moles of the alkyl sulfonyl 
chloride to each gram-mole of the polyvinyl- 
amine compound. The reaction is carried out 
in reaction media, preferably in which the poly- 
vinylamine and its salts are soluble, for exam- 
ple, in water. I-Iowever, the reaction can also 
be carried out by starting with a suspension of 
the polyvinylamine salt in a liquid in which itis 
insoluble (e. g. in dioxane) and then adding 
water o the suspension, usually in the form of 
an aqueous solution of the a]kali acceptor for 
OEhe hydrogen chloride which is liberated in the 
.reaction. The concentration of the polyvinyl- 
amine or its salts in the reaction media is hot 
critical, since if is possible to carry out the re- 
lation with any practical concentration, but 
preferab'ly from 1 to 20 parts by weight of 
the polymer to each 1-00 parts by weight of the 
reaction media. The temperature of the reac- 
tion cun be varied from 0 ° to 50 ° C., but prefer- 
a]ly from 5 ° to 25 ° -C. The a.lkali employed (e. g. 
potassium hydroxide, sodium hydroxide, lithium 
hydroxide, etc.) need be present only in an 
amount just suflicient to combine wiçh the acid 
]iberated in .the reaction and .with any excess of 
 unrea.cted-sulfonyl chloride. Advantageously, 
however, the .alkali can be used .in an amount 
which is af least one .grammole greater than 
he number of gram-mols of the sulfonyt chlo- 
ride employed. 
The .following examples wi]l serve further to 
illustra-te the poly N-vinyl sulfonamides of the 
invention and the manner of preparing the saine. 

4 
Example 1.--Poly N-vinylmethane sul]onamide 
8 grams of polyvinylamine hydrochloride were 
stirred into solution in 200 cc. of water while 
being cooled in an ice water bath. There were 
5 then added 10 grams of potassium hydroxide 
and the solution cooled fo 10 ° C. 25 grams of 
methane sulfonyl chloride were then added, after 
which the temperature first rose to 20 ° C. and 
then gradually lowered fo 5 ° C. A second portion 
lo of 10 grams o potassium hydroxide pellets was 
added and ater cooling to 10 ° C., a second 25- 
gram portion of methane sulfonyl chloride was 
added. The resulting reaction mixture was 
stirred for an additional hour and then poured 
15 into a larger volume of ethanol. The precipitate 
of resin which formed was filtered off, washed 
with ethanol, then extracted in a Soxhlet ex- 
tractor with methanol and dried. The dried 
resin was redissolved in water, the soluti(n 
20 filtered, and the resin reprecipitated by pouring 
the filtered solution into a 1:1 acetone-ether 
mixture. The resinous precipitate of poly N- 
vinyl methane sulfonamide was leached in 
methanol and dried. It gave on analysis 18.9% 
25 of sulfur which calculates to 69% by weight of 
N-vinyl methane sulfonamide units. 
In place of the methane sulfonyl chloride in 
the above example, there can be substituted an 
equivalent amount of ethane sulfonyl chloride fo 
30 give poly N-vinyl ethane sulfonamide, of n-pro- 
pane sulfonyl chloride to give poly N-vinyl 
n-propane sulfonamide, of isopropane sulfonyl 
chloride to give poly N-vinyl isopropane sul- 
îonamide, of n-butane sulfonyl chloride fo give 
35 poly N-viryl n-butane sulfonamide, of isobutane 
sulfonyl chloride to give N-vinyl isobutane sul- 
fonamide or of sec. butane sulfonyl chloride fo 
give poty N-vinyl sec. butune sulfonamide. 
tri place of the polyvinylamine hydrochloride 
40 in the above example, there cun be substituted an 
equivalent amount of polyvinylamine hydro- 
bromide, polyvinylamine acetate, polyvinylamine 
a - chloropropionate, polyvinylamine o- bromo- 
benzoate, polyvinylamine m-bromobenzoate or 
].5 polyvinylamine p-bromobenzoate to give also the 
sulfonamides mentioned in the above example. 
Example 2.--Poly N-vinyl benzene sul]onamide 
8 grams of polyvinylamine hydrochloride were 
) stirred into solution in 200 cc. of water con- 
taining 10 grams of potassium hydroxide. After 
cooling to 8 ° C., there were ddded to the solu- 
tion 35 grams of benzene sulfonyl chloride. The 
temperature rose slowly to 13 ° C., af which rime 
55 another 10 grains of potassium hydroxide pellets 
were added. This was followed by a second 
addition of 25 grams of benzene sulfonyl chloride. 
Within a few minutes, a solid resinous product 
began fo separate out of solution. The stirring 
c;ç was continued for an additional hour. The pre- 
cipitated resinous material was filtered out and 
washed with water. !t was then transferred fo 
a larger volume of ethanol in which if was in- 
soluble and vig0rously stirred. The resin was 
65 filtered off, dried and dissolved in acetone con- 
taining sufficient water to give a clear solution 
of the resin, and then reprecipitated. If was 
then filtered off, washed in water and dried over 
phosphorus pentoxide in vacuum at room tem- 
7o perature. The po]y N-vinyl benzene sulfonamide 
thus obtained on analysis gave 15.3% of sulfur 
which calculates to 88% by weight of N-vinyl 
benzene sulfonamide units. 
In place of the polyvinylamine hydrochloride 
75 in the above example, there can be substituted 
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an equivalent amount of polyvinylamine hydro- 
bromide, polyvinylamine acetate, polyvinylamine- 
«-hloropropionate or a polyvinylamine bromo- 
benzoate, to likewise give poly N-vinyl benzene 
sulfonamide. 
Example 3.--Poly N-vinyl p-oluene sul]onamide 
25 grains of polyvinylamine hydrochloride were 
stirred into suspension in 250 cc. of dioxane. 
There were then added fo the suspension 80 
grains of p-toluene sulfonyl chloride and the 
mixture then kept below 25 ° C. during the drop- 
wise addition of 250 cc. of aqueous 4-normal 
sodium hydroxide solution. The reaction com- 
menced immediately thereafter and in a short 
rime a resinous product separated out oï solu- 
tion as a sticky mass. If was dissolved in acetone 
containing sufficient water fo give a homogeneous 
solution of the polymer and reprecipitated by 
pouring the solution into a larger volume oï 
water. The precipitated resin was filtered out, 
washed vell with water, leached in ethanol and 
then extracted in a Soxhlet extractor with 
ethanol. It was redissolved in acetone contain- 
ing suflicient water to give a homogeneous solu- 
tion of the resin and reprecipitated in ethanol. 
The poly N-vinyl p-toluene sulfonamide thus 
obtained was dried in vacuum at 70 ° C. Analysis 
of this purified product gave 15.2% by weight of 
sulfur equivalent to 94% by weight of N-vinyl- 
p-toluene sulfonamide units. 
In place of the p-toluene sulfonyl chloride in 
the above example, there can be substituted an 
equivalent amount of benzyl sulfonyl chloride 
to give poly N-vinyl benzylsulfonamide, of 1,2- 
dimethylbenzene-3-sulfonyl chloride fo give poly 
N-vinyl 1,2-dimethylbenzene-3-sulfonamide, of 
1,2-dimethylbenzene-4-sulfonyl chloride to give 
poly N-vinyl 1,2-dimethylbenzene-4-sulfonamide, 
of 1,3-dimethylbenzene-2-sulfonyl chloride to 
give poly N-vinyl 1,3-dimethylbenzene-2-sul- 
fonamide, of 1,3-dimethylbenzene-4-sulfonyl 
chloride fo give poly N-vinyl 1,3-dimethylben- 
zene-4oesulfonamide, of 1,3-dimethylbenzene-5- 
sulfonyl chloride fo give poly hr-vinyl 1,3-di- 
methylbenzene-5-su!fonamide or of 1,4-dimethyl- 
benzene-2-sulfonyl chloride fo give poly N-vinyl 
1,4-dimethylbenzene-2-sulfonamide. 
The above mentioned sulfonamides can also be 
prepared by substituting for the polyvinylamine 
hydrochloride in the above example, an equiva- 
lent amount of pol¢inylamine hydrobromide, 
polyvinylamine acetate or polyvinylamine ben- 
zoate. 
Exampe 4.--Poy N-vinyl m-nirobenzene 
sulonamide 
8 grams of polyvinylamine hydrochloride were 
dissolved in 100 cc. of water and added fo a 
solution of 44.3 grains of m-nitrobenzene sulfonyl 
chloride in 250 cc. of chloroform. The mixture 
was cooled fo 10 ° C. and stirred while 22.4 grams 
of potassium hydroxide in 200 cc. of water were 
added gradually. During the addition of the 
potassium hydroxide, the temperature of the re- 
action mixture was kept above 10 ° C., but below 
15 ° C. After about 10 minutes, a solid reaction 
product began to separate out of solution. Then 
250 cc. of chloroform were added and the re- 
action mixtu'e stirred for an additional hour. 
The aqueous layer was decanted and methanol 
added to the chloroform layer. The white 
granular product which eparated out of the 
chloroform-alcohol mixture was separated and 
washed first with methanol and then with water. 

6 
If was redissolved in pyridine, the pyridine solu- 
tion filtered and the resin reprecipitated by 
pouring the filtrate into methanol. The result- 
ing fibrous product was washed free of chloride 
5 ion with water. The poly N-vinyl m-nitroben- 
zene sulfonamide thus obtained was dried for 
analysis. It contained 10.9 % by weight of sulfur 
which calculates to 88% by weight of N-vinyl 
m-nitrobenzene sulfonamide units. 
10 In place of the m-nitrobenzene sulfonyl chlo- 
ride in the above example, there can be sub- 
stituted an equivalent amount of o-nitrobenzene 
sulfonyl chloride to give poly N-vinyl o-nitro- 
benzene sulfonamide, of p-nitrobenzene sulfonyl 
15 chloride fo give poly N-vinyl p-nitrobenzene sul- 
fonamide or of o-, p- and m-bromobenzene sul- 
fonyl chlorides fo give the corresponding poly 
N-vinyl bromobenzene sulfonamides. 
In place of the polyvinylamine hydrochloride 
20 in the above example, there can be substituted an 
equivalent amount of polyvinylamine hydrobro- 
mide, polyvinylamine acetate or polyvinylamine 
benzoate fo give also the sulfonamides mentioned 
in the above example. 

25 

Example 5.--Poly N-viny naphthalene-[-sul- 
]onamide 

8 grams o£ polyvinylamine hydrochloride were 
30 dissolved in 100 cc. of water and added fo a 
solution of 45.2 grains of naphthalene--sulfonyl 
chloride in 500 cc. of chloroform. The mixture 
was stirred and kept at between 10 ° C. and 25 ° C. 
during the addition of 25 grams of potassium hy- 
35 droxide dissolved in 200 cc. of water. The re- 
action mixture was stirred for a total of 16 hours, 
after which the aqueous layer was decanted and 
the chloroform layer containing the resin was 
stirred with fresh water to remove the sali pres- 
,0 ent. The. aqueous layer was again decanted and 
the chloroform layer containing the resin stirred 
with methanol. The crude poly N-vinyl naph- 
thalene--sulfonamide separated out of solution 
in the form of a white, fibrous material. It was 
45 washed with water, redissolved in pyridine, the 
pyridine solution filtered, and the resin repre- 
cipitated by pouring the filtrate into a larger 
volume of dilute aqueous hydrochloric acid. 
The resin was washed with water until the wash- 
5O ings no longer gave a test for chloride ion. If 
 was dried for analysis. The purified poly N-vinyl 
naphthalene--sulfonamide thus obtained had a 
sulfur content of 13.7% by weight which calcu- 
lates to approximately 100% by weight of N-vinyl 
55 naphthalene--sulfonamide units. 
In place of the naphthalene--sulfonyl chlo- 
ride in the above example, there can be sub- 
stituted an equivalent amount of naphthalene-oE- 
sulfonyl chloride to give poly N-vinyl naph- 
60 thalene-« -sulfonamide. 
In place of polyvinylamine hydrochloride in the 
above example, there can be substituted an equiv- 
alent amount of polyvinylamine hydrobromide, 
polyvinylamine acetate or po]yvinylamine ben- 
65 zoate to give also the sulfonamides mentioned in 
the above example. 
The preparation of the new polymeric sulfon- 
amides of the invention can also be carried out 
in other reaction media, for example, in methyl 
70 alcoholic potassium hydroxide. Whfle other in- 
organic alkalies are also eflicacious, the higher 
solubility of potassium hydroxide makes if the 
more preferable alkaline agent. The resins of 
the invention show some variation in solubility. 
î5 For example, poly N-vinyl methane sulfonamide 
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is water-oluble, whereas none of the poly N- 
vinyl aryl sulfonamides are soluble in water. 
What we claire is: 
1. A process for preparing a resinous polymer 
containing a major portion by weight in the 
molecule of N-vinyl alkane sulfonamide units, 
wherein the alkane group contaius hot more than 
4 carbon atoms, and a minor portion by weight 
in the molecule of unchanged vin,vlamine units, 
comprising dissolving in water a polyvinylamine 
compound selected from the group consisting of 
polyvinylamine, polyvinylamine hydrochloride, 
polyvinylamine hydrobromide, and a sali of poly- 
vlnylamine and a monobasic saturated fatty acid 
containing from 1 to 4 carbon atoms, adjnsting 
and maintaining the temperature of the aqueous 
solution of the polyvinylamine compound of from 
0 to 10 ° C., adding to the solution an alkali-metal 
hydroxide and then an alkane sulfonyl chloride 
haviñg the general formula: 
R1SOEC1 
wherein R1 represents an alkyl group containing 
from 1 to 4 carbon atoms, in the proportions of 
one gram-mol of the said polyvinylamine com- 
pound to from 3 to 10 gram-mol of the said alkane 
sulfonyl chloride, then mixing the reaction mix- 
ture with a water-miscible saturated monohydric 
aliphatic alcohol containing from 1 to 4 carbon 
atoms, and separating the precipitate of poly N- 
vinyl alkane sulfonamide which forms. 
2. The products obtained by the process of 
claim 1. 
3. A process for preparing a poly N-vinyl meth- 
ane sulfonamide containing a major portion by 
weight in the molecule of N-vinYl alkane sulfon- 
amide units, and a minor portion by weight in 
the molecule of unchanged vinylamine units, 
c0mprising dissolving in water a polyvinylamine 
compound selected from the group consisting of 
polyvinYlamine, polyvinYlamine hYdrochloride, 
polyvinylamine hydrobromide, and a sali of poly- 
vinylamine and a monobasic saturated fatty acid 
containing from 1 to 4 carbon atoms, adjusting 
and maintaining the temperature of the aqueous 
solution of the polyvinylamine compound ai from 
0 ° to 10 ° C., adding to the solution an alkali- 
metal hydroxide and then methane sulfonyl chlo- 
ride, in the proportions of one gram-mol of the 
said polyvinylamine compound to from 3 to 10 
gram-mol of the methane sulfonyl chloride, then 
mixing the reaction mixture with a water-miscible 

saturated monohydric aliphatic alcohol contain- 
ing from 1 to 4 carbon atoms, and separating 
the precipitate of poly N-vinyl methane sulfon- 
amide which forms. 
5 4. The products obtained by the process of 
claire 3. 
5. A process for preparing a poly N-vinyl meth- 
ane sulfonamide containing in the molecule 
proximately 69 per cenç by weight of N-vinyl 
I0 methane sulfonamide units, the remainder of the 
molecule being essentially unchanged vinylamine 
units, comprising dissolving polyvinylamine hy- 
drochloride in water, adjusting and maintaining 
the aqueous solution of the polyvinylamine hydro- 
]5 chloride at from 0 ° to 10 ° C., adding potassium 
hydroxide and then methane sulfonyl chloride to 
the solution, in the proportions of one gram-mol 
of the said polyvinylamine hydrochloride to from 
3 to 10 gram-mol of the methane suffonYl chlo- 
2O ride, then mixing the reaction mixture with 
ethanol, and separating the precipitate of poly 
N-vinyl methane sulfonamide which forms. 
6. The poly N-vinyl methane sulfonamide pre- 
pared by the process of claire 5. 
25 DELBERT D. REYNOLDS. 
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